Background: Lumbosacral plexus entrapment syndrome (LPES) is a little-known but common cause of chronic lumbopelvic and lower extremity pain. The authors document the clinical course of 61 patients who were diagnosed and treated for LPES between May 2016 and October 2018. The study is aimed to evaluate the efficacy of our proposed diagnostic and conservative treatment protocol for LPES, clinically.
INTRODUCTION
As we aimed do demonstrate in this article series' first part, 1 lumbosacral plexus entrapment syndrome (LPES) is a problem in which the lumbar and sacral plexuses become entrapped within the psoas major and by the piriformis muscles due to severe weakness or myotrauma, often resulting in diffuse pain "syndromes" in the lumbopelvic and lower extremity (LPLE) regions. The nature of LPES is similar to that of thoracic outlet syndrome (TOS), often mimicking other, peripheral etiologies of pain which may easily be misinterpreted as unrelated the pathology at hand, such as fibromyalgia. [1] [2] [3] [4] The primary purpose of this trial was to establish whether or not an association between the inclusive diagnostic criteria outlined in this article series' first part, as well as the proposed strengthening protocols for the psoas major, piriformis and pectineus muscles, were also associated with factual patient recovery. This, both to to assess the specificity of the diagnostic criteria as well as the strengthening protocol's efficacy in the detection and treatment of LPES. Secondary objectives were to document the prevalence of symptom locations and durations, as well as average rehabilitation time until recovery.
METHODOLOGY
In the time between May 2016 and October 2018, 61 patients whose symptoms and physical examination were compatible with LPES, were diagnosed and followed up at the first author's [private] clinic. The patients were diagnosed with LPES based on their symptoms and the diagnostic criteria proposed and elaborated upon in the first part of this article series: Non-specific symptoms consistent with LPLE neuroanatomy, usually presenting as diffuse low back, pelvic, groin, genital, thigh or calf pain after other, more common etiologies have been excluded. At least 5 positive provocative Tinel's tests applied to various LPLE nerve branches yielding => 7 (numeric rating scale) NRS, and weakness of one or more myotomes of the lower body. And, finally, exacerbation of pain after initiation of the proposed rehabilitative exercises in the LPLE in the patients who had greater initial morbidity, usually those with a symptom duration of more than one year's length. Other potential causes of their pains had already either been attempted treated and found ineffective, or was excluded both by either the author or prior clinicians. 59 of 61 patients (97%) had tried other forms of treatment without experiencing significant improvement, prior to visiting the author's clinic.
There were 30 men and 31 women, whose ages span between 16 and 62 years. Out of the total of 61 patients, 54 patients were employed, 4 on sick-leave for <= 1 year, and 3 patients were on disability.Their symptom locations and duration, as well as average recovery times were registered. In calculating outcomes, patients who fully recovered would count as "1", whereas significant recovery counts as 0.75, moderate recovery as 0.5, slight recovery as 0.25 and, finally, no improvement as "0". The primary outcome measure was patient reported satisfaction and improvement including: Full, significant, moderate, slight, or no improvement in pain and symptoms. Patients were followed for up to two years The patients were taught strengthening exercises for the psoas major and piriformis, and to regulate down or up in accordance with the aftermath symptoms. The patients were required to perform the exercises with appropriate technique, to demonstrate the muscles' impairment. Symptom reproduction 1-2 weeks post exercising was considered confirmatory in the patients with a higher degree of morbidity, but was optional for those with lesser initial morbidity, generally the patients with symptom duration of less than one year, and whose symptoms were not solely related to athletic activities. Five to fifteen repetitions, one to two working sets, one to three times per week were the most common volumes used. Patients with significant morbidity would [initially] be prescribed as little as 3-5 repetitions twice per week, in order to avoid severe symptom flare-up.
RESULTS
Amongst the 61 patients, long-term suffering was common, as 57 of 61 patients had been afflicted for => 1 year. 1-4 years; 31 patients. 5-9 years; 14 patients. More than ten years; 12 patients. 3-5 months; 3 patients. And, finally, 6-11 months; 1 patient. With regards to symptomology, the most common (dominant) complaints were low back (38 patients), groin (35 patients) and pelvic (33 patients) pain, which affected more than half of the patients (see Figure 1 ). Of lesser prevalence were posterior and lateral calf (20 patients), posterior thigh (15 patients), anterior thigh (13), buttock/piriformis (10), medial knee (7) and medial calf (5) patients. 17 patients reported that "everything" in the LPLE ached.
During the period in question, 13 patients stopped rescheduling follow-up sessions, for unknown reasons, and were thus excluded from the treatment outcome results (Figures 3-4 ). Amongst the remaining 48 patients, 25 patients (52%) fully recovered, 12 patients (25%) significantly recovered, 5 patients (10.4%) moderately recovered, 5 patients (10.4%) slightly recovered, and two patients (4.16%) did not improve whatsoever. By using the priorly-mentioned variables (0 for no improvement, 0.25 for slight, 0.5 pts for moderate, 0.75 pts for significant, and 1 point for full recovery), these accumulate to 37.75 points (of original article 48 patients), which is equal to 78.64% of total improvement. Counting only the patients whose recoveries were above moderately improved, then 85.41% of patients (41 of 48) experienced moderate, significant or full recovery. Thus, significant total recovery rates were seen, suggesting that both the diagnosis and treatment were likely to be appropriate.
As for recovery times, significant differences were seen between the symptom-duration groups, and recovery times. Average recovery times for the different groups were, as seen in Figure  4 : 3-5 months of symptoms; 2 months of recovery time. 6-11 months of symptoms; 4 months of recovery time. 1-4 years of symptoms; 10,5 months of recovery time. 5-9 years of symptoms; 7,5 months of recovery time. More than ten years of symptoms; 18 months of recovery time. Recovery times also greatly varied within each group. The main causes for this were a failure to perform the exercises correctly or doing too many repetitions, which stunted progress and significantly increased restitution time. Other noteworthy and influent factors were whether or not the patient had pain in daily life, or solely during athletic activities. For example, we found that patients whose symptoms had lasted 1-4 years had slower recovery times than those with 5-9 years of affliction. In this study, the groups with sole sports-induced pain and those with daily chronic pain were not separated, which may have contributed to this incidental aberrancy.
DISCUSSION
Lumbosacral plexus entrapment syndrome is a problem whose nature is very similar, almost identical, to lumbosacral plexus entrapment syndrome thoracic outlet syndrome, as it is caused by entrapment of the lumbosacral plexuses as they emerge through the psoas major or beneath the piriformis muscles, 1 and may thus result in multifocal entrapment neuropathies. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The symptoms of lumbosacral plexus entrapment syndrome may present in quite misleading ways, seemingly unrelated, also similar to TOS and often distal to the main site of entrapment. [1] [2] [3] [4] In this regard, clinical suspicion as well as knowledge of appropriate provocative tests, are all necessary in order to confirm its presence. Specificity is often a problem with manual testing protocols, but the risk of misdiagnosis may be mitigated by considering several diagnostic criteria rather than just one single test, similar to what is proposed by Selmonosky in his diagnostic triad for TOS, [15] [16] [17] or the diagnostic cluster for sacroiliac joint dysfunction, 18 which involves five tests. Additionally, the symptoms should be compatible with the pelvic and lower extremity neuroanatomy. Finally, exacerbation of the patient's diffuse symptoms will occur one to two days post exercise, if the diagnosis is correct and appropriate technique is used.
Tinel's test should be negative on healthy nerves; minimal pain elicitation should occur, even with firm manual pressures. Research has shown that increased pain elicitation upon manual palpation of peripheral nerves has a high sensitivity and decent specificity in the detection of impairment, due to increased mechanosensitivity. [19] [20] [21] [22] Generally, however, the entrapment may not be severe enough to be considered pathological if < 5-6 NRS. An elicited response of > 7 NRS will often correlate with the presence of LPES-relevant symptoms, in our experience. Further, conventionally, when interpreting Tinel's test, one looks for the incurrence of radiative symptoms or paresthesia. 23 However, it is our experience that the lack of conspicuous radiative pain elicitation does not exclude neuropathy nor indicate sole myofascial affection. This is usually evident by moving the provocative pressure an inch away from the respective nerve's passage, where it will elicit significantly less pain, even if still palpating the same muscle. Further, in LPES, the full nerve's length will generally be sensitive to palpation. For example, if the patient presents with symptoms of tarsal tunnel entrapment, and are reproducible with Tinel's sign of the distal tibial nerve, but the sciatic nerve also hurts upon palpation all the way from the calf and up to the buttocks, this is very unlikely to be a sole distal neuropathy, but rather, indicates proximal entrapment, despite the mere distal symptoms.
Consistent findings of severe weakness of the psoas major and piriformis muscles were found during our diagnostic and rehabilitative trials. However, due to the compensatory patterns which the patient had acquired over the years, some patients needed more guidance and correction than others, in order to target the right tissues and reveal their impairment. Unfortunately, these compensatory patterns may be subtle and often require some experience with LPES in order to be identified. However, confirmatory postexercise exacerbation will often occur regardless, even in the absence of flawless technique, unless the exercises are performed with great error. When evaluating the initial exacerbation after commencing rehabilitation, the patients reported various degrees of worsening. Further, the patients were generally more sensitive to provocative tests (Tinel's) upon followup than during the initial examination, consistent with slight exacerbation. Once past the exacerbation period, which may last between three to six months, generally regarding the patients whose symptoms had continued for => one year, a gradual and more linear improvement would be seen, and, consistently, reduced sensitivity upon Tinel's test. In a few patients who fully recovered psoas major and piriformis work capacity, a near or complete loss of pain elicitation upon Tinel's test was seen. Generally, however, once the patient reached an NRS of approximately 4-5 during Tinel's test, presuming no focal numbness, they were also symptom free in every-day-life and during athletic activities.
Only 17 of the 61 patients surveyed (27,8%) reported One could, of course, make the argument that this is fibromyalgia and not plexopathy. However, fibromyalgia is generally considered idiopathic and incurable, whereas LPES is both treatable and curable. Treatable, as such, with simple, inexpensive approaches that the patient can do at home, if properly diagnosed and educated. And, finally, symptom exacerbation as well as increased pain upon Tinel's sign was seen after commencing rehabilitation of the psoas major and piriformis muscles, consistent with proximal irritation of the lumbosacral plexuses and not focal idiopathic fibralgia. Thus, trial treatment may certainly be warranted if diagnostic criteria are fulfilled during physical examination, and the patient's symptoms are compatible with denominators of LPES.
Because the treatment of LPES is done by the patient him-or herself, and only guided by the clinician, patient compliance is mandatory. It is paramount that an exercise intensity which causes no more than mild exacerbation is found and pursued. This may take some trial and error to achieve. Excess exacerbation will prolong recovery times and the patient may find themselves in a "limbo" of aggravation, with no improvement in sight, potentially resulting in loss of motivation and compliance. Thus, it is crucial that the patient schedules a follow-up minimum every 8 weeks in the beginning, to detect and correct any potential pitfalls. The main pitfalls involve doing the exercises erroneously or too intensively, both being utter inhibitors of progress. When an exercise intensity which yields mild post-rehabilitative exacerbation of 1-2 days is found, the work volume should gradually be increased over the course of several months. A rapid increase in work volume is rarely tolerated, especially by patients with higher morbidity.
Placebo was not implemented in this study. However, one could say that, because 46 of 48 patients (95,8%) of these patients had already tried several forms of therapy before visiting the author's clinic, this reduces the likelihood of placebo. Moreover, because significant improvements were seen gradually as the piriformis and psoas major muscles got stronger, and as provocative tests reduced in pain elicitation, i.e. long-term and with compatible variables, these factors also suggest that the results are legitimate and not mere coincidence. Our study also shows that even patients with longstanding, chronic affliction may improve if properly diagnosed and treated. That being said, more statistical and long-term research is needed.
A few final words must also be uttered regarding the roles of stretching and myofascial release (MFR) in the management of nerve entrapment neuropathies. Empirically, it seems that the patients afflicted with entrapment neuropathies gradually worsen with myofascial release and similar treatments. This, especially considering the many chronic pelvic pain patients who are already hypermobile. 24, 25 Although stretching and MFR may temporarily ameliorate the condition, it will frequently worsen the disease long term, in our experience, as the culprit muscles are also victims of severe weakness. This phenomenon may be quite misleading to patients and clinicians alike. Empirically, the patients who have been stretching the most, are usually also the ones more difficult to treat. Therefore, it is the author's impression that stretching and MFR as a long-term intervention for entrapment neuropathies should be considered contraindicated and potentially iatrogenic. However, importantly, their role in short-term symptom relief is probably benign and not problematic if done carefully.
CONCLUSION
Lumbar plexus entrapment syndrome is a common problem which may involve significant morbidity, often debilitating the patient. It is caused by entrapment of the lumbosacral plexuses within the psoas major and piriformis muscles, due to severe weakness of these structures. Its presentation generally involves nonspecific pain in the pelvis and lower extremities, which makes it mimic other diagnoses such as fibromyalgia or seemingly unrelated peripheral entrapments, similar to what has been reported for thoracic outlet syndrome. The protocol for identification of LPES involves a compatible patient history, along with abnormally high pain elicitations upon pressure to several of the nervous branches of the LPLE. Myotome weakness, especially of great toe extension, is often present. Further, reproduction of the patient's symptoms as well as increased pain elicitation upon Tinel's test after commencing appropriate rehabilitation, may be viewed as "nail in the coffin"-confirmatory. MRI may reveal tendon thickening and hypointense appearance of the psoas major and piriformis tendons, or frank interstitial edema.
The rehabilitation for LPES involves specific, gentle strengthening exercises for the psoas major and piriformis muscles with very low workloads, gradually increasing the muscles' work capacities over the course of time. During rehabilitative trials, a positive correlation between the proposed diagnostic criteria, treatment, and beneficial outcomes was seen, resulting in a moderate improvement or greater in more than 85% of the patients who followed the programme. The treatment of LPES is safe, inexpensive, simple, and may be carried out by the patient him-or herself within the comfort of their own homes. However, its treatment span is often lengthy, and the patient must pay attention to detail as well as regulate their exercise intensity to avoid excess stimulus of the impaired musculature, as this will completely stunt progress, which may lead to loss of patient compliance and thus also the absence of recovery.
Limitations
The primary limitation of this study is the lack of LPES research. Thus, many statements in this manuscript are based on the authors' empirical experience and data. More research is clearly needed, especially with regards to epidemiology and other relevant statistics. Another limitation of this study was that the patient sample numbers were relatively small, and the treatment carried out in a private clinical setting and may therefore not necessarily and appropriately reflect that of the common public population.
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